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AIRPLANE WITH UNSYVEPF SLOTTED whenever they satisfy the requirements of this airplane. The 

CRUISE WING AIRFOIL payload systems allow for flexible interiors and extensive 

use of molded panels. 

This application claims the benefit of U.S. Provisional Still another aspect of this invention is that the expected 
Application No. 60/028,853, filed Oct. 22, 1 996. 5 fuel bum per seal for this type of an airplane is 20% to 30% 

less than on current jet airplanes, this can be associated with 
FIELD OF THE INVENTION considerable reduction of emission of greenhouse gases. 

Ifts invention relates to an aircraft configuration and, There is very little difference in ditching capability 
more particularly, to a commercial jet aircraft utilizing a between a low wing airplane and a high wing airplane. In 
slotted cruise airfoil and a wing with very low sweep 10 bath cases, the body provides the vast majority of the 
compared to ihe sweep of more conventional jet aircraft, flotation. The wing provides some stability to prevent the 
achieving the same cruise speed. ditched airplane from rolling over. 

Another aspect of this invention is that a low wing version 
BACKGROUND OF THE INVENTION with a f t moU nted engines is also possible. It would feature 

Tliis invention relates to an aircraft configuration utilizing " many, if not most of the above advantages, 
improved laminar flow. If laminar flow is achieved, aircraft BRIEF DESCRIPTION OF DRAWINGS 

drag, manufacturing costs, and operating costs are substan- 
tially reduced. U.S. Pat. No. 4,575,030, entitled, "Laminar FIGS, la through lc compare the straight wing arrange- 
How Control Airfoil" by L. B. Gratzer, and is assigned to the 2 o ments with the conventional wing, 
assignee of this invention. The Gratzer patent provides FIGS. 2a through 2c compare the effect of the straight 
information on development which includes, among other wm g on t h e configurations with the conventional wing, 
techniques, suction surfaces and slots to promote natural fIG 3 ig an isometric view of the high wing version of 
laminar flow over a main box region of a wing. $\GS. 1 and 2 with a 'T'-tail. 

SUMMARY OF THE INVENTION 25 FIG- 4 is an isometric view of the high wing version of 

FIGS. 1 and 2 with an alternative 4 V -tail empennage 

An aspect of the wing of this invention is that it incor- arrangement, 

porates a slotted cruise airfoil. Slotted cruise airfoil tech- nG g {& ^ ^metric view of the low wing version of 

nologv that we have developed allows us to produce an ^ ^ 2 

higher sweep FIGS * la and lb com P are tne pressure distributions for a 

TOs invention, this technology allows the wing boundary conventional airfoil and slotted airfoil (7, is conventional), 

layer to negotiate a strong recovery gradient closer to the FIG. 8 shows a drag nse comparison between a conven- 

wing trailing edge. The result is about a cruise speed of 35 tional airfoil and a slotted airfoil. 

Mach=0.78, but with a straight wing. It also means that for FIG. 9, the pie-chart illustrates the recurring cost distri- 

the same lift, the super velocities over the top of the wing bution for a conventional wing. 



can be lower. With very low sweep and this lype of cruise 
pressure distribution, natural laminar flow can easily be 



DETAILED DESCRIPTION OF THE 



obtained. Lower-surface Krueger flaps are installed to 40 PREFERRED EMBODIMENTS 

increase lift capability for low-speed operation and to pro- -j^ e illustrations on FIGS. 1 and 2 serve for the explana- 

tect the wing leading edge from bugs during takeoff and t j on between an existing, prior art airplane configuration as 

landing to prevent spoiling natural laminar flow. a reference, and two different new arrangements that are the 

In another aspect of the invention, heat is transferred from 45 subject of this patent application, 

the leading edges of the wing and/or of the main flap to Q n ( b e pr i or ar | reference airplane, FIGS, la and 2a y a 

increase the extent of the natural laminar flow. swept %viri g \ & attached to the bottom of the fuselage 5. The 

In still another aspect of this invention, a high wing basic components of the wing 1 consist of a structural box, 

arrangement allows more freedom for installation of higher which is divided into a left-hand exposed part 2, a center 

bypass ratio engines. An advanced geared fan engine, 5Q section 3, and a right-hand exposed part 4. Medium bypass 

by-pass ratio 12 or higher, is a possibility that could be easily ratio engines 6 are attached to struts 7 below the wing. The 

installed under the high wing. The lower super velocities of main landing gear 8 is suspended from Ihe wing 1. Its 

the slotted cruise airfoil make the body shock problem support by means of a trunnion requires space within a wing 

associated with many high wing airplanes less of a concern trailing edge extension 9, also called a 'Yehudi*. Wing 

here. 55 leading edge devices 10 are of the common type, slats or 

The slotted cruise wing airfoil and the straight wing allow Krueger flaps or a combination thereof. Trailing edge 

us to modularize the wing and the body so that we can devices are flaps 11, spoilers 12 and ailerons 13. The length 

develop a family of airplanes by intermixing different bodies of the main landing gear 8 is determined by engine 6 ground 

with different wings clearance and rotation angle of the airplane. The aft fuselage 

Another aspect of this invention is to reduce costs. The 60 5 also shows an 'upsweep' angle 36 for airplane rotation 

unsweeping of the wing significantly changes the manufac- during take-off and landing. 

luring processes, reduces manufacturing costs and flow time On the 'high wing' example of the invention, FIG. lb and 

from detail part fabrication to airplane delivery. The system 2b y an unswept wing 14 is attached to the top of the fuselage 

architecture is all new rather than a major remodeling of a 15. Its structural box 16 is a single part, reaching from wing 

systems architecture from an exiting airplane. It is a top 65 tip to wing tip. It is formed by the rear spar 39, front spar 82, 

down approach geared towards the requirements of this upper 83 and lower 84 wing skins. Additional spars in 

airplane. Components from existing products will be used intermediate positions between the rear spar 39 and the front 
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spar 82 could also be included. High bypass ratio engines 17 components of the flap 23 are generally located aft of, and 

are allached lo struts 18 below the while. The main landing are structurally supported by, the wing rear spar 39. 

gear 19 is attached to the fuselage 15, not requiring addi- [ n general, a slotted cruise trailing edge flap 23 formed in 

tional space in the wing platform 14. Wing leading edge accordance with the application Ser. No. 08/735,233 has a 

devices 20 are Krueger flaps. Spoilers 21 are of the same 5 s i n gi e . s i 0 tted configuration during cruise, FIG. 6a and a 

type as on the reference airplane. However, the flaps 23 d ou ble- slotted configuration during lakeoiI(nol shown) and 

represent the 'vane-main 1 feature with the addition of a slot , anding> FI0 ^ is accomplished by a flap assembly 23 

that is permanent for all flap positions and is a unique key ^ fa movablc bcWccQ a stowcd posit ' on and an cxtC ndcd 

to this invention More detail is shown on FIG 6. The ^slo s q & ^ ^ and 
are extended outboard ^^ X ^^^ t f']^^ 10 fn the extended position two slots are present. More 

SSTJSt SSSlfSS 53^t£2 specifically, flap a/sembly 23 includes two airfoil elements 

flow. Z Main landing gear 19 is shorter than the gear on a ™ ed ™^ 

the reference airplane The aft fuselage 15 is more relation to one another. Hie space between the airfoil 

symmetric ends in a vertical blade shape, and features less elements forms a permanent single slot. At various support 

upsweep angle 37 and less drag than on the reference 15 locations along the wing trailing edge, the flap assembly 23 

airplane due to the features of the 'slotted wing 1 14. Com- is movably connected to an extension assembly 40 that is 

pared to a low wing, the high wing 14 allows for a better secured to the wing rear spar 39. 

distribution of the cast Aluminum passenger doors 24, with The extension assembly 40 includes a support structure to 

unobstructed escape slides. The lower deck cargo compart- which the flap assembly 23 is translatable and rotatably 

ment 25 capacity is also increased because of the absence of 20 connected. The extension assembly 40 further includes an 

the wing box. actuation mechanism that moves the flap assembly 23 rela- 

On the 'low wing' example of the invention, FIGS, lc and tive to the support structure. In a stowed position, the vane 

2c, an unswept wing 26 is attached to the bottom of the element of flap 23 nests into the wing 14 or 26 such that the 

fuselage 27. Its structural box 28 is a single part, reaching permanent single slot remains available to direct airflow 

from tip to tip. High bypass ratio engines 29 are attached to 25 from regions below the wing to regions above the wing. In 

struts 30 at both sides of the aft fuselage 27. The main an extended position, the vane and main elements of flap 23 

landing gear 31 is attached to the fuselage 27, of requiring form a double-slotted arrangement by rotating downward 

additional space in the wing platform 26. Wing leading edge and translating rearward relative to the wing 14 or 26. 

devices 20, spoilers 21 and ailerons 22 are of the same type 3( , Physical factors limiting the performance of transonic cruise 

and shape as on the previous airplane. The flaps 23 represent airfoils 

the 'vane-main' feature with the addition of a slot that is In the following discussion, "airfoil" refers to the cross- 

permanenl for all flap positions and is a unique key to this sectional shape of a wing in planes thai are substantially 

invention. More detail is shown on FIG. 6. These axe of the longitudinal and vertical, which plays a major role in deter- 

samc tvpc and shape as on the previous airplane. The slots mining the aerodynamic performance of said wing. "Tran- 

are also extended outboard throughout the ailerons. Heat is 35 sonic cruise" refers to operation of the wing at high subsonic 

transferred from the leading edge of the wing 26 and/or of speed such that the airflow past the wing contains local 

the main flap 23 to increase the extent of natural laminar regions of supersonic flow. "Mach number" refers to the 

flow. The main landing gear 31 is shorter than the gear on the ratio of the flow speed to the speed of sound, 

reference airplane. The aft fuselage 27 is more symmetric, The performance of an airfoil in transonic cruise apph- 

ends in a vertical blade shape, and features less upsweep 40 cations can be characterized by four basic measures: 

angle 38 and less drag than on the reference airplane due to 1) The airfoil thickness, usually expressed as the 

the features of the 'slotted wing' 26. Basically, the shape and maximum-thickness ratio (maximum thickness divided 

size of the wing 26 and the fuselage 27 are similar to the by chord length). 'Ihickness is beneficial because it 

airplane in FIGS, lb and 2b. provides the room needed for fuel and mechanical 

The embodiments of the whole airplane configurations are 45 systems and because a wing structure with greater 

shown on FIGS. 3 through 5. All three figures represent depth can be lighter for the same strength, 

examples of this invention. 2) The speed or Mach number at the preferred operating 

FIG. 3 is an isometric view of the high wing version, condition The Mach number capability of the airfoil, 

FIGS, lb and 2b. The empennage arrangement resembles a 5Q modified by a factor related to the sweep angle of the 

'T-tail 32. The nose landing gear 33 is shorter than on the wing, contributes directly to the cruise speed of the 

Reference airplane, because of the close ground proximity. airplane. 

FIG. 4 is another isometric view of the high wing 14 3) The lift coefficient at the preferred operating condition, 

version, FIGS, lb and 2b with an alternative empennage Increased lift coefficient is advantageous because it 

arrangement. The 'T'-lail arrangement of FIG. 3 has been 55 could allow increased weight (e.g. more fuel for longer 

replaced by a 'V'-shape 34. range) or a higher cruise altitude. 

FIG. 5 is an isometric view of the low wing 26 version, 4) 'i*h e drag coefficient at the preferred operating condi- 

FIGS. lc and 2c. The nose landing gear 35 is shorter than on tion and at other operating conditions that would be 

the reference airplane, because of the close ground proxim- encountered in the mission of an airplane. Reducing the 

ity. tio drag reduces fuel consumption and increases range. 

FIG. 6 is extracted from the concurrent patent application Other measures such as the pitching-moment character- 

Ser. No. 08/735,233, filed Oct. 22, 1996 entitled, "Slotted istics and the lift capability at low Mach numbers arc also 

Cruise Trailing Edge Flap" by G. L. Siers. The two views, significant, but are less important than the basic four. 

FIG. 6a and 6b illustrate Ihe two extreme positions of the Together, the four basic performance measures define a 

trailing edge flap. 65 level of performance that is often referred to as the "tech- 

Of particular interest is the wing rear spar 39 shown in nology level" of an airfoil. The four basic performance 

combination with the rear fragment of a wing 14 or 26. The measures impose conflicting requirements on the designer m 
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the sense that design changes intended to improve one of the 
measures tend to penalize at least one of the other three. A 
good design therefore requires finding a favorable compro- 
mise between the four measures. 

At any given technology level, it is generally possible to 5 
design a wide range of individual airfoils tailored to different 
preferred operating conditions and representing different 
trade-offs between the four basic performance measures. For 
example, one airfoil could have a higher operating Mach 
number than another, but at the expense of lower lift and 10 
higher drag. Given modern computational fluid dynamics 
tools, designing different airfoils at a given technology level 
is generally a straightforward task for a competent designer. 
On the other hand, improving the technology level, say by 
improving one of the basic performance measures without 15 
penalizing any of the other three, tends to be more difficult, 
and the more advanced the technology level one starts with, 
the more difficult the task becomes. Starting with an airfoil 
that is at a technology level representative of the current 
slate of the art, il can be extremely difficult to find significant 20 
improvements. 

The main factors that limit performance arc associated 
with the physics of the flow over the upper surface of the 
airfoil. To understand these factors, it helps to look at a 
typical transonic cruise airfoil pressure distribution, plotted 25 
in terms of the pressure coefficient C P on a negative scale, 
as shown in FIG. 7(a). For reference, the shape of the airfoil 
is shown just below the pressure-distribution plot. On the C P 
scale shown, C P -0 is the static pressure of the freestream 
flow far from the airfoil, which is assumed to be at a 30 
subsonic speed. At each point on the surface, the value of 
C P , in addition to defining the pressure, corresponds to a 
particular value of the floss velocity just outside the thin 
viscous boundary layer on the surface. Negative C P (above 
the horizontal axis) represents lower pressure and higher 35 
velocity than the freestream. while positive C r (below the 
horizontal axis) corresponds to higher pressure and lower 
velocity. A particular level of negative C P corresponds to 
sonic velocity and is shown by the dotted line 41. 

The lower curve 42 on the pressure-distribution plot 40 
represents the pressure on the lower surface 43, or high- 
pressure side, and the upper curve 44 represents pressure on 
the upper-surface 45. The verlical distance between the two 
curves indicates the pressure difference between the upper 
and lower surfaces, and the area between the two curves is 45 
proportional to the total lift generated by the airfoil. Note 
that near the leading edge there is a highly positive spike in 
the C P distribution 46 at what is called the "stagnation point" 
47, where the oncoming flow first "attaches" to the airfoil 
surface, and the flow velocity outside the boundary layer is 50 
zero. Also, note that the upper- and lower-surface Q P dis- 
tributions come together at the trailing edge 48, defining a 
single value of C P 49 that is almost always slightly positive. 
This level of C P al the trailing edge, as will be seen later, has 
an important impact on the flow physics. Because the 55 
trailing-cdgc C P is dictated primarily by the overall airfoil 
thickness distribution, and the thickness is generally con- 
strained by a number of structural and aerodynamic factors, 
trailing-edge C P is something over which the designer has 
relatively little control. Away from the leading-edge slag- 60 
nation point and the trailing edge, the designer, by varying 
the airfoil shape, has much more control over the pressure 
distribution. 

For a given airfoil thickness and Mach number, the 
problem of achieving a high technology level boils down to 65 
the problem of maximizing the lift consistent with a low 
drag level. Increasing the lift solely by increasing the 
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lower-surface pressure is generally not possible without 
reducing airfoil thickness. Thus the designer's task is to 
reduce the upper-surface pressure so as lo produce as much 
lift as possible, but to do so without causing a large increase 
in drag. In this regard, the pressure distribution shown in 
FIG. (la) is typical of advanced design practice. The oper- 
ating condition shown is close to the preferred operating 
condition that might be used for the early cruise portion of 
an airplane mission. The drag at this condition is reasonably 
low, but at higher Mach numbers and/or lift coefficients, the 
drag would increase rapidly. 

Note that the upper-surface C P 44 over the front half of 
the airfoil is above the dotted line 41, indicating that the flow 
there is mildly supersonic. Just aft of midchord, this super- 
sonic zone is terminated by a weak shock, indicated on the 
surface as a sudden increase in C P 50 to a value character- 
istic of subsonic flow. The C P distribution in the supersonic 
zone 51 is deliberately made almost flat, with only an 
extremely gradual pressure rise, in order to keep the shock 
from becoming stronger and causing increased drag a I other 
operating conditions. The shock is followed by a gradual 
pressure increase 52, referred to as a "pressure recovery", to 
a slightly-positive C P 49 at the trailing edge. The location of 
the shock and the pressure distribution in the recovery 
region are carefully tailored to strike a balance between 
increased lift and increased drag. 

Trying to increase the lift will tend to move the airfoil 
away from this favorable balance and increase the drag. For 
example, one way of adding lift would be to move the shock 
50 aft. This, however, would require a steeper recovery 
(because the immediate post-shock C P and the trailing-edge 
Cp are both essentially fixed), which would cause the 
viscous boundary layer to grow thicker or even to separate 
from the surface, either of which would result in a significant 
drag increase. The other obvious way to increase lift would 
be to lower the pressure ahead of the shock even further 
(move the C P curve 51 upward over the forward part of the 
airfoil and increase the supersonic flow velocity there), but 
this would increase the pressure jump across the shock, 
which would result in an increase in the so-called shock 
drag. For single-element transonic airfoils at the current state 
of the art, this compromise between lift and drag has reached 
a high level of refinement, and it is unlikely that any large 
improvement in technology level remains to be made. 
Potential technology advantage of the slotted airfoil 

The shape and resulting pressure distribution of a slotted 
transonic cruise airfoil are shown in FIG. (6) and (lb). The 
airfoil 23 consists of two elements (a forward element 60 
and an aft element 61) separated by a curved channel (62, the 
slot) through which air generally flows from the lower 
surface 84 to the upper surface 64. In this example, the slot 
lip (65, the trailing edge of the forward element) is just aft 
of 80 percent of the overall chord from the leading edge, and 
the overlap of the elements is about 3 percent of the overall 
chord. Pressure distributions are shown for both elements, so 
that the pressure distributions overlap where the airfoil 
elements overlap. As with the conventional airfoil, the upper 
curves 66,67 give the C P distributions on the upper surfaces 
64,83, and the lower curves 68,69 give C P on the lower 
surfaces 84,70. Note thai there are two stagnation points 
71,72 and their corresponding high-pressure spikes 73,74, 
one on each clement, where the oncoming flow attaches to 
the surface near each of the leading edges. 

To begin the consideration of the flow physics, note that 
the preferred operating condition for the slotted airfoil 
shown is faster than that of the single-element airfoil (Mach 
0.78 compared with 0.75), and that the lift coefficient is 
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slightly higher, while both airfoils have the same effective 
thickness for structural purposes. At Ihe slolted airfoil's 
operating condition, any single-element airfoil of the same 
thickness would have extremely high drag. The slotted 
air foil's substantial advantage in technology level results 5 
from the fact that the final pressure recover)' 75 is extremely 
far aft, beginning with a weak shock 76 at about 90 percent 
of the overall chord. Such a pressure distribution would be 
impossible on a single-element airfoil because boundary- 
layer separation would surely occur, preventing the shock 
from moving that far aft. The mechanism, loosely termed the 
"slot effect", by which the slot prevents boundary-layer 
separation, combines several contributing factors: 

1) The boundary layer on the upper surface 83 of the 
forward element is subjected to a weak shock 77 at the 
slot lip 65, but there is no post-shock pressure recovery 15 
on the forward element, 'Itris is possible because the aft 
element 61 induces an elevated "dumping velocity'* at 
the trailing edge of the forward element (The trail ing- 
edge C P 78 on the forward element is strongly negative, 
where on a single -element airfoil the trailing-edge 20 
is generally positive). 

2) The upper- and lower-surface boundary layers on tlie 
forward clement combine at the trailing edge 65 to 
form a wake that flows above the upper surface 64 of 
Ihe aft element and thai remains effectively distinct 25 
from the boundary layer that forms on the upper surface 

of the aft element. Over the of part of the aft element, 
this wake is subjected to a strong pressure rise 75,76, 
but vigorous turbulent mixing makes the wake very 
resistant to flow reversal. 30 

3) The boundary layer on the upper surface 64 of the aft 
element has only a short distance over which to grow, 
starting at the stagnation point 72 near the leading edge 
of the aft element, so it is very thin when it encounters 
the final weak shock 76 and pressure recovery 75, and 35 
is able to remain attached. With regard to its pressure 
distribution and boundary-layer development, the aft 
element is, in effect, a separate airfoil in its own right, 
with a weak shock and pressure recovery beginning at 
about the mid-point of its own chord, for which we 40 
would expect attached flow to be possible. 

The upper-surface pressure distribution of FIG. 7(b) is a 
relatively extreme example of what the slot effect makes 
possible. A range of less-extreme pressure distributions 
intermediate between that shown in FIG. 7(b) and the 45 
single-element pressure distribution of FIG. 7(a) can also 
take advantage of the slot effect. The shock on the forward 
element does not have to be all the way back at the slot lip, 
and there does not have to be a supersonic zone on the upper 
surface of the aft element. In fact, the airfoil of FIG. 7(b) 50 
displays a sequence of such intermediate pressure distribu- 
tions when operating at lower Mach numbers and lift 
coeflBcients than the condition shown. The slot effect is still 
needed to prevent flow separation at these other conditions. 

One way of comparing the technology levels of airfoils is 55 
to plot the drag-rise curves (drag coefficient versus Mach 
number at constant lift coefficient), as shown in FIG. (8). 
Here the dashed curve 80 is for the single-element airfoil of 
FIG. 7(a) at a lift coefficient CI of 0.75, and the solid curve 
81 is for the slotted airfoil of FIG. 1(b) at a slightly higher tio 
CI of 0.76. It is clear that the low-drag operating range of the 
slotted airfoil extends up to 0.03 Mach faster than the 
single-element airfoil, with slightly higher lift and the same 
thickness. Of course the slotted airfoil could be redesigned 
to use this technology advantage for purposes other than 65 
higher speed, for example, to achieve even higher lift at the 
same speed as the single-element airfoil. 
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The pressure distribution on the lower surface also con- 
tributes to the technology level of the slotted airfoil of FIG. 
7(b). Compare the pressure distribution 68 on the lower 
surface 84 of the forward element of the slotted airfoil with 
the corresponding pressure distribution 42 on the lower 
surface 43 of the single-element airfoil of FIG. 7(a). The 
flatter pressure distribution on the slotted airfoil results in 
less curvature of the lower surface of the airfoil and greater 
depth of the airfoil at the locations where the front and rear 
spars of the main structural box would be placed (typically 
about 15 percent and 64 percent of the overall chord). Flatter 
lower-surface skins and deeper spars are both favorable to 
the structural effectiveness of the main box structure. In the 
design of the airfoil of FIG. 7(b) this advantage was traded 
so as to contribute to the improved Mach number and lift 
coefficient, while keeping the structural effectiveness 
(bending strength) of the wing box the same as that of the 
single-element airfoil of FIG. 7(a). 

The unsweeping of the wing significantly changes the 
manufacturing processes, reduces manufacturing costs and 
flow time from detail part fabrication to airplane delivery. 
Conventional commercial jet airplane wings arc built with 
structural splices where the stringers and spars change 
direction, generally at the side of body. With an unswept 
wing, one of the spars has no changes in direction and no 
splice. Wing box structural stringers (skin panel stifTeners) 
are parallel to the straight spar and do not have splices. As 
with the spar and stringers, the wing structural skin does not 
require spanwise splicing although chord wise splicing will 
be used when the limits of raw material make single piece 
wing skins impractical. Building the wing as a single piece 
rather than a left wing a right wing and a wing stub 
eliminates the parts associated with splicing and the labor 
and flow time required to join the left and right wing to the 
wing stub. Significant reductions in the quantity of parts and 
manufacturing labor are a result of unsweeping the wing. 
FIG. 9 represents conventional wing recurring costs, the 
outboard wing cost represented by 91 will be reduced by 
30%. This savings is the combination of eliminating the 
wing joints, and the reduction of wing shear and dihedral. 
Another 12% cost reduction could be realized with low cost 
graphite construction. The wing stub cost represented by 92 
will be reduced by 90% because it is not required. 

Unsweeping the wing 14 changes the wing relationship 
with the main landing gear 19. Conventional swept wing 
commercial jet airplanes integrate the landing gear into the 
portion of the wing aft of the rear spar 9. With the unswept 
high wing commercial jetliner configuration shown in FIGS. 
1 through 5, the landing gear 19 is not integrated into the 
wing at all, reducing the plan area of the wing and simpli- 
fying the wing aft of the rear spar 9. The cost reduction is 
relative to FIG. 9, the recurring cost of the fixed trailing edge 
(the non-moving parts of the wing aft of the rear spar) 
represented by 93 is reduced by 25%. One disadvantage of 
reducing the area of the fixed trailing edge is the reduction 
in wing thickness at the rear spar 39. This may result in a 
requirement for a mid spar or spars with more depth. The 
spoilers 21, fixed leading edge, moveable leading edge 20 
and moveable trailing edge 23 costs represented by 94 are 
not expected to change. The additional cost associated with 
designing the slot 62 into the airfoil is expected to be offset 
by the elimination of an inboard aileron and the simplifica- 
tion of the high lift system. 

Structural design advantages of the unswept wing include 
higher loading of the front spar 82 and thereby unloading the 
rear spar 39 and aft part of the wing skins 83 and 84. This 
load redistribution results in the ability to increase the 



